In this paper, the experimental realization and promises of three-dimensional (3D) photonic crystals in the infrared and optical wavelengths will be described. Emphasis will be placed on the development of new 3D photonic crystals, the micro-and nano-fabrication techniques, the construction of high-Q micro-cavities and the creation of 3D wave-guides.
Our 3D silicon photonic crystals are fabricated using advanced silicon processing. The structure consists of layers one-dimensional rods, stacking according to certain crystal symmetry to form a lattice structure. A scanning-electron-microscopy image of the fabricated simple cubic structure is shown in Fig. 1 (a) . The rod has a width of w=O.8 jim and the rod-to-rod spacing is a=3.2 pm. The dielectric filling fraction of the SC structure is 1 9% . As the first step of the fabrication process, the square frame of width w is lithographically patterned and etched. At the second step, a silicon dioxide layer is deposited to cover the patterned structure. The third step of the process is to use chemical-mechanical-polishing (CMP) to planarize the silicon dioxide surface. The fourth step is to deposite poly-silicon and then pattern it into the square posts, also with a width of 0.8mm and a height of h=2.4 mm. As the final step, silicon dioxide is deposited and then planarized using CMP.
This completes the process for making a one-unit cell. The process may be continued to build more unit cells. In Fig. 1(b) , the transmission data taken from lattices are shown, respectively. A clear photonic band gap exists for SC lattices at 6jtm.
In This micro-fabrication technique is powerful in that many different photonic crystal structures may be fabricated on the same six-inch silicon wafer. For example, a diamond-like lattice structure may be built together with a square lattice structure. In Fig.2(a) , the SEM image of an eight-layer diamond lattice is shown. The transmission spectrum of the same structure but with ten-layers is shown in Fig.2 (b). Not only the spectral width of the photonic band gap is large, ranging from X=5.3 J.Lm to 7.7 kim, but also tthe attenuation is strong, T = 2 X 10 , or equivalently a 37dB attenuation at X=5.7 .tm. The combination of a large photonic band gap and a strong attenuation make this diamond lattice structure well suited for many applications, ranging from signal guiding.
routing, switching to spontaneous emission modification. It is believed that, by using this design, a ten to twelve layers structure is sufficient for most applications mentioned above. at a point within a 3D in a local region of the crystal. In particular, there are two classes of defects, namely the "vacancy defect" created by removing a section of the rod and an "interstitual defect" formed by adding extra dielectric materials into the crystal. The defect state may appears in the forbidden photonic band gap spectral regime, leading a strongly localized state. The strength of photonic localization is determined by the size of the band gap, which acts as a highly reflecting mirror. Previously, one type of vacancy defect was shown to have ultra small modal volume, < , and yet the cavity-Q value is small, 10. A theoretical calculation suggests that an interstitual defect may give rise to a much higher cavity-Q value. A micro-cavity sample that is made of an eigth-layer diamond structure was successfully fabricated. The cavity consists of a small added section, O.5a, in the fifth layer of the structure. In Fig.3 , a transmission spectrum of the micro-cavity is shown as a function of wavelength from 0 to 15 pm. At 2=6.6 .tm, there is clearly a sharp transmission peak, signifying the existence of a 3D cavity mode. Moreover, the cavity mode has a sharp linewidth of -2Onm, shown in the inset of Fig.3 , corresponding a cavity-Q of -.3OO. This is the highest cavity-Q ever achieved in any 3D photonic crystals in the infrared wavelengths. Guiding of light around a sharp corner with high efficiency is important for large scale all-optical circuit and optical computing applications. Early theoretical simulation suggests that lossless guiding and bending of electromagnetic waves is possible using a 2D photonic crystal.
Subsequently, a successful experimental demonstration was performed at mm-wave spectral range. Here, simulation on the full guiding and bending of light using 3D photonic crystals are a carried out.
A calculation of a 3D waveguide and waveguide bend in the diamond lattice structure is shown in 
